Available online at www.sciencedirect.com

SCIENCE@DIRECT° Agriculture
) Ecosystems &
E oSl Environment

ELSEVIER Agriculture, Ecosystems and Environment 101 (2004) 289-306

www.elsevier.com/locate/agee

Effects of forest policy on landscape pattern of late-seral
forest of the Western Olympic Peninsula, Washington

Marnie W. Tyle®*, David L. Petersoh

@ Washington Department of Fish and Wdlife, 600 Capitol Way North, Olympia, WA 98501, USA
b USDA Forest Service, Pacific Northwest Research Station, University of Washington, Box 352100, Seattle, WA 98195-2100, USA

Abstract

Forest harvest policies and regulations in the Pacific Northwest region of the United States have changed considerably
across all land ownerships over the last 25 years, primarily in response to concerns over threatened and endangered species
For example, in July 2001, Washington State adopted new forest practice rules for private ownerships, which were aimed
primarily at improving habitat for aquatic and riparian species. Before adopting the new rules, an environmental impact
assessment was conducted in which three alternatives were considered in detail for their contributions to riparian habitat.
Implications for upland species were not considered, although riparian protection has the potential to make contributions to
habitat for obligate late-seral species.

Effects of the three management alternatives were projected on private lands 200 years into the future, holding constant
current practices on other lands managed for timber (federal, tribal, and state). The resulting distribution of late-seral forest
across the Western Olympic Peninsula was compared. Simulations predicted that late-seral forest would cover between 39 and
48% of the landscape, well above the 8% that it currently occupies. Five to 21% of this late-seral forest would be on private
lands (compared te:1% currently), and 71-85% on public lands (compared to 91% currently). Landscape pattern analysis
indicated that the total amount of late-seral forest was significantly different among the three scenarios. However, there was no
discernible difference in interior forest area, edge density, and mean distance between patches between a “no-action” alternative
and the alternative that was ultimately adopted into rule. The most protective alternative had significantly more interior forest
area and greater mean distance between patches, but it also had significantly higher edge density as a result of the linear natur:
of the riparian reserves and small patches of steep, unstable slopes. Our analysis framework will be useful for evaluating the
effects of alternative management scenarios on landscape pattern across broad geographic areas with complex ownership.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Landscape pattern; Fragmentation; Forest policy; Late-seral forest; Olympic Peninsula; Washington

1. Introduction habitat Thomas et al., 1990, 1993; FEMAT, 1993;

Jules, 1998 The dispersed, short-rotation forest prac-
Loss and fragmentation of late-seral forest ecosys- tices of the second half of the 20th century have left

tems have generated concern for species that arelate-seral forests of the Pacific coastal region of North

sensitive to disturbance or require late-seral forest America greatly reduced in spatial extent and highly
fragmented Garman et al., 1999Fig. 1). It will take
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Fig. 1. Landscape pattern of the Olympic National Park and adjacent timber-managed lands. Photo used with permission of LightHawk.
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Landscape structure is known to affect forest herb on low-elevation forest land of the Olympic Penin-
recruitment Jules, 1998; Scheller and Mladenoff, sula has been timber production. Multiple ownerships
2002, species richness and abundance of plants are tightly interspersed. Different forest practice reg-
(Jacquemyn et al., 20pAnd animalsAndrén, 1994; ulations exist for federal, tribal, state, and private
Walters et al., 1999 nest parasitism and nest predation land owners. In most cases, these regulations were
(Marzluff and Restani, 1999 and other ecosystem developed without consideration of the effects of
processesGustafson and Parker, 199®arzluff and management practices of other land owners on land-
Ewing (2001)suggest that the ecological severity of scape pattern, even though the cumulative effects of
fragmentation is determined by historic disturbance past forest management practices have contributed to
regime, degree of similarity between the natural ma- deterioration of water quality and subsequent regula-
trix and anthropogenic matrix, and persistence of the tion under the Endangered Species Act and the Clean
cause of fragmentation (e.g., timber management ver- Water Act WFPB, 20013 which regulate all land
sus urbanization). Fragmentation has been given manyowners.
definitions. Its use here will refer to subdivision of The three scenarios considered in the EIS for pri-
a specified habitat type, in this case late-seral forest, vate lands in Washington Statg®VFPB, 20013 are
usually associated with decreasing patch size, increas-projected and the extent and distribution of late-seral
ing edge density and increasing distance between forest over multiple ownerships are quantified. Timber
patches. management is simulated on each ownership, incor-

Descriptive measures of landscape structure are anporating current (1999) parameters (harvest volumes,
important tool for evaluating habitat conditions and harvest unit size, etc.) and projected 200 years into the
can be useful in comparing alternative scenarios of future. A suite of landscape pattern metrics are used
land managemenR(pple et al., 1991; Gustafson and to characterize the relative impacts of each alternative
Parker, 1992 Landscape pattern indices have been on the distribution of late-seral forest.
used to compare dispersed and aggregated cutting pat-
terns Wallin et al., 1994 and anthropogenic and nat-
ural disturbance regime€issel et al., 1999 predict 2. Methods
historical extent of late-seral forest{mberly et al.,

2000, and evaluate the role of land ownership in af- 2.1. Sudy area
fecting landscape patteriiyrner et al., 1996; Pearson
et al., 1999. The Western Olympic Peninsula is located between

Washington State recently adopted new forest prac- the Pacific Ocean and the steep slopes of the Olympic
tice rules for private lands that address concerns aboutMountains in the northwest corner of Washington
declining anadromous fish populations and water qual- State. The study are&i@. 2) is 274,692 ha in size and
ity (WFPB, 20013 Three alternatives were consid- includes areas within the Bogachiel, Hoh, Clearwa-
ered in detail in the environmental impact statement ter, Queets, Quinault and Humptulips River drainages
(EIS) prepared prior to adopting the permanent Wash- (12427W, 4715N-12333W, 47°54'N) that have
ington Forest Practice Ruleg/FPB, 2001h. The EIS been managed primarily for timber during the last
evaluated effects on riparian and aquatic habitats for 100 years. The focus of this study is on low-elevation
each alternative, but did not predict distribution of forests; 1200 m was selected as an upper bound in
late-seral habitat through landscape pattern analysis,each drainage.
even though the reserves required by the alternatives The maritime climate is characterized by mild, wet
have the potential to affect interior forest species that winters (mean January temperature 6{34 Clearwa-
are also regulated in Washington Forest Practice Rulester weather station, 1931-1999) and cool, dry summers
(marbled murreletBrachyramphus marmoratus and (mean August temperature of 16). Annual precipi-
northern spotted owlrix occidentalis caurina). tation averages 306 clNCDC, 1931-199pPand falls

Landscape structure resulting from these regula- primarily as rain; areas over 700 m elevation receive
tions will be affected by complex land use and own- precipitation primarily as snowHenderson et al.,
ership patterns. Since 1900, the predominant land use1989. Summer fog is common at lower elevations
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Fig. 2. Land ownership of the study area.

and is important in ameliorating moisture stress affected a 50 km wide strip for more than 250 km of

during the dry summer months. coastline Campbell, 1979 Fires over the last 700
Common low-elevation tree species, in order of the years have occurred primarily on southerly aspects at

highest 1999 harvest volumes reported for the area mid-elevations and typically have covered less than

(Larsen and Nguyen, 20Dinclude western hemlock 4 km? (Henderson et al., 19891t may take 35-75

(Tsuga heterophylla), Douglas-fir Pseudotsuga men- years for Douglas-fir to become established following

ziesii), western redcedafTfiuja plicata), and Pacific intense firesKuff, 1995).

silver fir (Abies amabilis). In late-seral forest, domi-

nant trees of these species frequently had diameters of2.2. History of ownership and land use

150 cm or more Tyler, 2003 and live biomass may

exceed 1500 metric t/hdfanklin and Spies, 1983 Ownership within the study area is comprised of
Stand replacing natural disturbance events include the Quinault Indian Nation (30% of the study area),

episodes of high winds and infrequent (>250 years), Olympic National Forest (21%), Washington Depart-

high-severity fires lenderson et al., 1989; Agee, ment of Natural Resources (26%), and private hold-

1993. A significant wind event occurred in 1921 and ings, primarily by large timber companies (23%). The
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Olympic National Park comprises the central core of
the Olympic Peninsula and is adjacent to the study

293

maintaining a viable timber industry\(FPB, 2001
To meet these goals, the new rules include greater pro-

area. The park has remained largely undisturbed andtection of waterways and unstable slopes.

thus is not included in this analysis of alternative for-
est management practices.
The current patterns of seral stage distribution have

State lands were covered by the Washington For-
est Practice Rules until Washington Department of
Natural Resources developed Washington's Habitat

been developing since the onset of timber harvesting Conservation Plan in 1997. As a sovereign state, the

shortly after Euro-American settlement began in the
mid-1800s. The first sawmill was established in 1850
(Campbell, 1979 Railroad logging in the 1920s and
1930s, in conjunction with the introduction of the
logging truck in the late 1910s and completion of US
Highway 101 in 1931, cleared some of the largest
contiguous tracts on the Olympic Peninsula to date
(Capoeman, 1991 In 1926, 6.9 billionboardft of
timber were removed from western Washington (data
provided by David Larsen, WDNR). A second peak
of timber harvest occurred in the 1970s and 1980s;
6.6 billion board ft were harvested in western Wash-
ington in 1973 Larsen and Nguyen, 20p1Coastal
late-seral forests dominated by Sitka spruBecéa
sitchensis) have been nearly eliminatedPdterson
etal., 1997. By 1988 late-seral forest on the Olympic
National Forest had decreased by 76% from 1940
levels Morrison, 1990. However, timber harvest
on federal lands virtually ceased as a result of the
Interagency Scientific Committee Repoffhpmas

et al., 1990 and implementation of the Northwest
Forest Plan YSDA and USDI, 199% Washington

Quinault Indian Nation has its own Forest Practices
Regulations Quinault Indian Nation, 1979)Federal
lands are governed by the Northwest Forest Plan. All
land owners must comply with the Clean Water Act
and Endangered Species Act.

2.4. Mapping current conditions

Current distributions of four forest-age categories
were mapped: regeneration (0-19 years), young
(20—79 years), mature (80-199 years), and late-seral
(>200 years). These age categories were based on
Oliver's stand development modeDljver, 198J.

The regeneration age category is comparable to
Oliver’'s stand initiation phase dominated by shrubs
and saplings. Young stands represent the stem ex-
clusion phase (post-canopy closure) and consist of
young, dense forest with very low understory light
levels. In mature stands, stem density has declined
and canopy gaps result in increased light on the forest
floor. With higher light levels, herb and shrub species
become more abundant and a multi-layered canopy

Department of Natural Resources lands continue to begins to develop. Late-seral stands are characterized
be logged, although annual harvest in the study areaby a complex canopy structure, large living trees, and

dropped from 405 ha in 1975 to 120 ha in 2000 (data
provided by Liane White, WDNR). Harvest volume
also declined on tribal and private ownerships in the

large standing dead tress and downed logs.
To map current forest age, the Interagency Veg-
etation Mapping Project (IVMPUSDI and USDA,

1990s, although the rate of decrease was less than thaR0013 “continuous quadratic mean diameter” data

on state and federal landsgrsen and Nguyen, 20D1

2.3. Forest practice regulations in Washington

Laws regulating forest practices vary by land owner.

Private lands are regulated by Washington Forest Prac-

tice Rules, which were first adopted in 1976. The

most recent Washington Forest Practice Rules revi-

layer was used. This layer depicts mean diameter of
dominant and codominant trees. The data are derived
from a supervised classification of 1996 Thematic
Mapper imagery (25 m resolution). This classification
process used field data collected by the US Bureau of
Land Management (Current Vegetation Survey) and
USDA Forest Service (Forest Inventory Analysis) to
model, test and assess accurachsDI and USDA,

sions were adopted in July 2001 in response to de- 20010. The IVMP quadratic mean diameter values

clining fish stocks across Washington. These revisions were compared with 144 plots of known age as deter-
were designed to provide compliance with the Endan- mined by tree cores collected between 1998 and 2000.
gered Species Act for aquatic and riparian species andLinear regression was used to identify relationships
meet the requirements of the Clean Water Act while between diameter and age and thus select minimum
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diameter thresholds for the mature and late-seral agethere would be no large natural disturbance during the
classes; the regeneration and young classes were comstudy period.
bined into one preliminary class. Change detection The scenarios reflect the three proposed rule pack-
techniques l(unetta and Elvidge, 1998were then ages considered in detail by the Washington Forest
used to separate the regeneration and young classesPractices Board in the Final EISdble 7). ALT1 is
and update the map to 1998i¢. 3a). ARC/INFO (v. the no action alternative, which would revert forest
7.1, ESRI) was used for change detection analysespractices to the last set of permanent rules (Novem-
and map production; ERDAS IMAGINE software (v. ber 1998). More restrictive Forests and Fish Emer-
8.5, ERDAS, Inc.) was used for all other analyses.  gency Rules in place since January 2000 would have
been nullified if this option had been adopted. ALT2
2.5. Management scenarios reflects the recommendations of the Forests and Fish
Report Five Caucus, 1999with some modifications
The HARVEST modelGustafson and Crow, 1999  and is the option that was ultimately adopted in July
was used to project the distribution of these four age 2001 (thus superceding the Forests and Fish Emer-
classes 200 years into the future under three manage-gency Rules). ALT3 is a compilation of proposals sub-
ment scenarios. Because of the stochastic parametersnitted by parties that opted out of the Forests and
within HARVEST, three replicates were generated for Fish process, including the Washington Environmen-
each scenario. Employing a 200-year simulation time- tal Council, Audubon Society, Muckleshoot Indian
frame allowed the potential for all stands to reach the Tribe, Yakama Indian Nation, and Puyallup Indian
late-seral age class. Tribe (WFPB, 20013 The primary difference among
HARVEST is raster-based, simulation software de- these alternatives is the degree of buffering of hydro-
signed to project landscape pattern under alternative logical features and unstable slopes on private lands
timber management regime&\istafson and Crow, (Table J.
1999. Four input maps were required for the simu- Harvest practices for the models were drawn from
lation: initial stand age, stand boundaries, forest type, current regulations and policies, including the North-
and ownership. The base map of current (1998) for- west Forest Plan, Washington’s Habitat Conservation
est age was used as the initial stand age map forPlan, Washington Forest Practice Rules, Quinault
all simulations. The stand boundary map contains a Forest Practice Regulations, and land owner inter-
unique identifier for each stand, which HARVEST views carried out in 2001. Annual harvest goals and
uses to select stands for harvest. The forest-type dataminimum harvest age were provided by each owner
layer was used to designate the forest available for except those of private lands, where it was imprac-
harvest, the non-forest areas (rivers, lakes, residen-tical to talk to every individual. Annual harvest area
tial areas, municipal lands, and gravel pits), forest on private lands was estimated from the most current
available for harvest, and reserve areas where harvestWashington Department of Natural Resources Timber
is not permitted. Because each management scenaridHarvest Report available (1999) and was converted to
has different requirements for reserve areas, each scearea assuming 100 million (Scribner) board ft/ha based
nario required a separate forest-type layer. Data inputs on empirical yield tables (assumes 16 foot logs, 80%
entered in HARVEST (by land ownership) included stocking and 50-year site index of 100DNR, 1978.
mean harvest patch size, standard deviation in harvest
patch size, harvest dispersal pattern, minimum harvest2.6. Administratively withdrawn reserve areas
age, area harvested per 10-year step, and adjacency
and green-up requirements (i.e., the prescribed height Federal, state and tribal regulations and policies
or age of adjacent stands before harvest is allowed). were applied, which call for no-harvest buffers around
Stands are randomly selected for harvest from those streams, wetlands, unstable slopes, and areas occupied
stands meeting constraints of age and forest type. Theby spotted owls and marbled murreletales 1 and
size of each harvest patch is randomly drawn from the 2). Average buffer widths were used to model these
size distribution specified by the mean and standard scenariosTyler, 2003. In practice, many site-specific
deviation of harvest patch size. It was assumed that factors affect actual buffer width including site class,
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Table 1
Summary of the differences between the three alternatives modeled (private lands only; simplifiat/FfE; 2001a,3
Parameter ALT1 ALT2 ALT3
Water typing system Fish-bearing waters Fish habitat waters Geomorphic-based system
Type 1= shorelines of the state S shorelines of state 0-20% slope
Type 2= generally >6 m wide F= other fish habitat waters 20-30% slope
Type 3= generally<6 m wide >30% slope
Non-fish bearing waters Non-fish habitat waters
Type 4= generally >6 m wide Np= perennial waters
Type 5= generally<6 m wide Ns= seasonal waters
Type 9= unclassified
Riparian reserve widths 1 =15m 1=32m <20% =61m
(applied to each side 2 =15m 2=32m 20-30%= 30m
of stream) 3=15m 3=32m >30%=21m
4=0m 4 = 15m half the length
5=0m 5=0m
9=0m 9=0m
Wetland buffers
Type A (>2ha) Type A=30m Same as ALT1 Type A=61m
Type B (0.1-2 ha) Type B=15m Type B=61m
Unstable slopes High-hazard slopes as identified by = Same as ALT1 All areas identified as
Washington Department of Natural high-hazard slopes by
Resources (WDNR) slope morphology WDNR SMORPH model

model, SMORPH, but with areas
<0.2 ha removed

Marbled murrelets 425 m radius circular buffer around all Same as ALT1 Same as ALT1
occupied sites

Northern spotted owls All existing mature and late-seral foresSame as ALT1 Same as ALT1
within an owl circle in spotted owl
special emphasis areas having less than
2374 ha of suitable habitat

aUnder ALT1, Washington Forest Practice Rules classified streams as Type 1-5, based on fish presence and stream width. Under ALT2,
the water typing system described is not yet in place. Washington Department of Natural Resources is in the process of updating their
hydrological data to reflect the new system, however until that is complete, the interim system relies on the old typing system, whereby
Type S= Type 1, Type F= Type 2 and Type 3, Type Ng Type 4, and Type Ns= Type 5. ALT3 used percent slope as the only criterion
for classifying waterways. Each alternative specifies a range of buffer widths based on site-specific characteristics. The riparian reserve
widths listed here reflect the average widths used in the model.

stream width, slope, wind susceptibility, status of ad- of these are redundant or are meaningful only at
jacent lands, current stem density and basal area, anccertain spatial scaledMicGarigal and Marks, 1995;
land owner preferences. As a result, some buffers in Riiters et al., 1995; Leitao and Ahern, 2008even

the field may be wider or narrower than the assump- indices were selected that describe the amount and
tions included in these scenarios. The landcover map distribution of the late-seral forest categomable 3.

was resampled to a 10 m cell size for buffering. Percent of the landscape (%LAND) provides a basic
summary of total available habitat. Core area percent
2.7. Landscape pattern analysis of the landscape (C%LAND) provides a measure of

interior habitat, which is a more relevant measure
Many indices exist to describe landscape pattern for species adversely affected by edge environments.
(Riiters et al., 1995; Gustafson, 1998owever many Mean patch size (MPS) is arguably the most important
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Administratively withdrawn reserves by non-private owfers

Olympic National Forest

Quinault Indian Nation

Washington Department of
Natural Resources (WDNR)

Riparian buffer
Type 1
Type 2
Type 3
Type 4
Type 5

Wetland buffer

Unstable slopes

Marbled
murrelets

Northern spotted
owls

91m
91m
91m
46m
43m

46 m (wetlands >0.4 ha)
30m (wetlands<0.4 ha)

Identified through watershed
analysis

300 m radius circular buffer
around occupied sites

359 m radius circular buffer
around nests or activity centers

30m
24m
24m
24m
Om

30m (wetlands >2 ha)
15m (wetlands 0.1-2 ha)

High-hazard slopes as identified by
WDNR slope morphology model,
SMORPH, but with areas0.2 ha
removed

Existing late-seral forest in the northern
boundary portion of the Quinault Indian
Nation Reservation will be retained

Existing late-seral forest in the northern
boundary portion of the reservation will

55m
55m
40m
34m
Oom

43 m (wetlands >2 ha)
29m (wetlands 0.1-2 ha)

All areas identified as
high-hazard slopes by WDNR
SMORPH model

425m radius circular buffer
around occupied sites

>20% LPU >100 years, >20%
LPU >70 years; LPU

be retained = landscape planning unit

»*

aThese represent average values included in the modeling exercise. Actual buffers in the field could be wider or narrower. Olympic
National Forest provided digital files depicting all buffers for hydrological features and unstable slopes, based on watershed analysis. The
buffer widths included for Olympic National Forest Plan here are drawn from the Northwest Forest Plan and are included for comparison
with other land owners.

descriptor of the landscapé&i¢Garigal and Marks,
1999; a reduction in MPS is included in many def-
initions of fragmentation Andrén, 1994; McGarigal
and Marks, 199p Patch size coefficient of variation

(PSCV) measures the variability in patch size as
a percentage of the meamMd¢Garigal and Marks,

1995. Patch density, when considered in the context
of percent of the landscape, gives a measure of the

Table 3

Landscape metrics included in the anal§sis

Metric Acronym Description

% Landscape (%) %LAND Percentage of the landscape occupied by the late-seral age category

Core area percent of landscape (%) C%LAND Proportion of interior late-seral forest over the entire landscape. All areas
greater than 100m from the edge of another forest type were considered
interior

Mean patch size (ha) MPS Mean size of all late-seral patches in the landscape

Patch size coefficient of variation PSCV Coefficient of variation in late-seral patch size

Patch density (number per 100 ha) PD
Contrast-weighted edge density (m/ha) CWED

Number of late-seral patches per 100 ha of the landscape

Sum of all edges per unit area of the landscape, adjusted by the degree of
edge contrast. Contrast weight values range from 0 to 1, with 1 being
maximum contrast. Maximum contrast edge (100 m/ha) will have a CWED
of 100 m/ha. Low contrast (100 m/ha, 0.2) edge will have a CWED of
20 m/ha. The higher is the value, the greater is the amount of equivalent
maximum contrast edge in the landscape

Sum of the nearest edge-to-edge distance between each late-seral patch,

divided by the number of patches

Mean nearest neighbor (m) MNN

aDescriptions of the metrics are based MiGarigal and Marks’ (1995yliscussion of category-scale metrics.
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degree of habitat fragmentation. Contrast-weighted Table 4
edge density characterizes the amount of edge in aMean proportions of area in each forest-age category after 200
landscape and the degree of contrast between edgesy®3's (Over all land owners combined)

Microclimatic edge effects have been defined in this Category Present  ALT1 ALT2 ALT3

study as extending for 100 m from the forest edge. (*0) (*0) (%0) (%)

Mean nearest neighbor (MNN) quantifies the mean Regeneration 14 1 10 9
Young 65 46 45 41

distance between patches, which is important for

L . . - Mature 13 4 4 3
species interactiond/orrison et al., 1998 the ability Late-seral 8 39 a1 47
of species to disperse between patches, and the extent
to which metapopulations can be successfully main-

tained between subpopulationSilpin and Hanski, ~ landscape under future scenarios. Regeneration forest
1991) FRAGSTATS McGarigal and Marks, 1995  ranges between 10 and 15% of the area in future sce-
was used for all spatial pattern analyses. naros.

Analysis of variance (ANOVA) was used to test for T_he degree of change in the distribution pf age cate-
significant differences among scenarios for the land- 90ries varies by land owner. Although area in late-seral
scape metrics considered¢ar et al., 1996; Pearson forestincreases across all land owners in the future, the
et al., 1999. Significant ANOVA results were fol- biggest change is in the federal lands of the Olympic

lowed by multiple comparison tests using the Tukey National ForestTable 5. Washington Department' of
method at anr-level of 0.05. Natural Resources holds the next largest proportion of

late-seral forest. In the current landscape, Washington
Department of Natural Resources lands closely resem-

3. Results and discussion ble private and tribal lands. In the future, Washington
Department of Natural Resources lands will be more
3.1. Simulated future conditions similar to federal landsTable 5, and the proportion

of late-seral forest will increase on private and tribal
When looking at all owners combined, the differ- lands.

ences between the present conditions and those of fu- The differences in the landscape metrics among the
ture alternatives are visually strikingrigs. 3 and 4 three future alternatives result solely from patterns
Late-seral forestincreases roughly 5-fold in spatial ex- on private lands, because management practices were
tent and mature forest drops to less than half its pre- held constant on other ownerships during the simu-
vious extent Table 4. Young forest, while still the Ilations. All metrics describing the distribution of the
dominant forest category, occupies 20% less of the late-seral forest category were significantly different

Table 5
Distribution of area in forest-age categories by owner

Olympic National Quinault Indian Washington Department Private

Forest Nation of Natural Resources

Present  Future Present  Future Present Future Present ALT1 ALT2 ALT3

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Regeneration 8 <1 15 17 15 5 19 19 17 13
Young 44 1 77 67 67 41 73 67 62 42
Mature 24 1 7 3 11 8 7 5 4 3
Late-seral 24 98 1 13 7 46 1 9 17 42

2The three alternatives considered for the Washington Forest Practice Rules apply only to private lands. Future conditions for other
ownerships were modeled under each alternative, however the input parameters for non-private lands were held constant across all three
alternatives. Thus only the private ownership shows all three alternatives in this table. The “Future” conditions presented for other owners
were taken from the ALT2 simulation. The age category proportions are essentially the same for all three alternatives (although the spatial
configuration of each age category varies due to the stochastic nature of the HARVEST model). The percentages presented here are mean
values of the three replicates generated for each scenario.



Seral Stage

Fig. 3. (a) Present (1998) distribution of age classes on the Western Olympic Peninsula. (b) Future distribution of age classes under ALT1.
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Fig. 4. Future distribution of age classes under (a) ALT2 and (b) ALT3.
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Table 6
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Mean and ranges:(= 3) of the landscape pattern indices for the late-seral class (present and future under three alternatiPes)|umsd

derived from analysis of variance (ANOVA)

Metric Present Alternative P
Percent of landscape (%LAND) ALT1 ALT2 ALT3 «0.001
Mean 7.80 39.24 40.97 46.76
Range 39.23-39.25 40.95-40.98 46.74-46.77
Core area percent of landscape (C%LAND) ALT2 ALT1 ALT3 «0.001
Mean 0.03 21.54 21.55 2221
Range 21.52-21.55 21.52-21.57 22.21-22.22
Mean patch size (MPS) ALT1 ALT2 ALT3 «0.001
Mean 1.64 5.01 5.07 6.20
Range 5.01-5.03 5.69-5.71 6.19-6.20
Patch size coefficient of variation (PSCV) ALT2 ALT1 ALT3 0.01
Mean 1296 6174 6238 6544
Range 6079-6341 6234-6246 6521-6589
Patch density (PD) ALT2 ALT3 ALT1 «0.001
Mean 4.77 7.19 7.54 7.82
Range 7.18-7.20 7.53-7.55 7.81-7.83
Contrast-weighted edge density (CWED) ALT1 ALT2 ALT3 «0.001
Mean 4.3 23.6 24.3 28.7
Range 23.1-23.9 23.6-24.6 28.3-29.0
Mean nearest neighbor (MNN) ALT3 ALT2 ALT1
Mean 70.7 34.9 35.7 35.8 0.001
Range 34.8-35.0 35.7-35.8 35.6-35.9

aLines over text indicate alternatives that were not significantly different from one another as determined by the Tukey method.

among alternativesA < 0.001), except for PSCYV,
which was significant aP = 0.01 (Table §. In four

1986. Estimates for that threshold vary, from 10 to 30
(Andrén, 1994 to 30-50 Flather and Bevers, 20D2

of the seven metrics (core area percent of landscape,to 60% Pearson et al., 199®f the landscape.

PSCV, contrast-weighted edge density, and MNN),
ALT1 cannot be distinguished from ALT2. ALT3 can
be distinguished from other scenarios in all metrics.

In the present landscape, interior late-seral forest

3.2. Interpreting landscape metrics

The landscape metrics paint a mixed picture of

occupies less than 1% of the landscape and increasegragmentation under future alternatives: increased

to over 20% in future scenarios. Despite a significant
difference between ALT1 and ALTZ2 in percent of the
landscape (%LAND), there is no difference in the pro-
portion of interior forest (C%LAND) between the two
scenarios Table §. The proportion of suitable habi-

patch size and decreased MNN are indicative of
enhanced connectivity and reduced fragmentation,
however, increased contrast-weighted edge density
suggests a more fragmented landscape. In landscapes
having a similar proportion of suitable habitat, high

tat in a landscape is generally considered to be more patch density indicates greater fragmentation. MPS

important than habitat configuratiofghrig, 1997.
However, as this proportion falls below a threshold,
fragmentation may contribute to greater declines in

in the future alternatives is more than three times
greater than present conditions, which would favor
interior specialists that show strong effects of patch

number of species or population abundance than cansize Bender et al., 1998; Connor et al., 200The

be expected from habitat loss alor&ilcove et al.,

similarity in MNN between ALT1 and ALT2 indicates



M.W. Tyler, D.L. Peterson/Agriculture, Ecosystems and Environment 101 (2004) 289-306 301

that inter-patch distance is indistinguishable between under the recently adopted rules (ALT2) represent
these two alternatives. Under scenario ALT3, how- a small benefit over the no-action alternative of the
ever, patches are significantly closer together than in 1998 rules (ALT1). ALT3 offers substantially more
the other scenarios. Differences in connectivity could interior late-seral forest than the other two alterna-
become increasingly important as the total amount of tives and connectivity is improved. However, because
habitat declines, particularly when total habitat drops of the roughly linear nature of the riparian reserves,
below 25-30% Bunnell et al., 1999 Due to vary- edge density is also significantly higher under this
ing dispersal abilities, connectivity is species-specific alternative. Interior obligates would benefit from the
and therefore scale-specifi¢Viens and Milne, 1989; increased area and patch size of ALT3. However,
Pearson et al., 1996There is no discernible differ-  there is a potential that these high-edge reserves could
ence in the amount of contrast-weighted edge density serve as population traps, attracting individuals to
between ALT1 and ALT2. ALT3 however has signif- areas where they could face increased predation and
icantly higher edge density, which could negatively parasitism.
impact interior species. Generalists that occupy both  The variation of these metrics among replicates is
edge and interior habitats are less impacted by frag- quite low (Table 6, contributing to the highly sig-
mentation Bender et al., 1998; Connor et al., 2000 nificant differences among alternatives. Given the
ALT1 has the lowest %LAND and yet has the highest regulatory requirements and management goals of
patch density, suggesting that ALT1 is more frag- various owners, late-seral forest occurs in nearly the
mented in late-seral forest than are ALT2 or ALT3.  same location in each replicate of a modeled scenario,
High PSCV correlates to greater heterogeneity and occupies 98% of the Olympic National Forest
in patch size across the landscaBunnell et al. lands in the future. Natural disturbance was not mod-
(1999) argue that increased heterogeneity better em- eled, and thus, large blocks of late-seral forest are
ulates natural disturbance processes and is vital for essentially fixed by the simulations. Private and tribal
maintaining a heterogeneous and diverse ecosystemlands managed for timber are generally logged on a
Cissel et al. (1999Jurther this argument, suggesting 50-year rotation, thus these stands never approach the
that managing for historical conditions in landscape late-seral age category. Based on the harvest goals
structure (which would include higher patch size for these owners, late-seral forest seldom occurs
variability than present conditions) would pose less outside those areas where harvest is prohibited by
risk to native species and ecological processes. Thereforest regulations (riparian buffers, unstable slopes,
is no difference in PSCV between ALT1 and ALT2, etc.).
however ALT3 has significantly higher variability Although these metrics show significant differences
(Table 9. among scenarios, how different are these landscapes
In summary, ALT1 and ALT2 are indistinguish- in an ecological context? For example, core area per-
able with respect to core area percent of landscape cent of landscape (C%LAND) is approximately 21.5%
(C%LAND), PSCV, contrast-weighted edge density for ALT1 and ALT2, and 22.2% for ALT3. It is un-
(CWED), and MNN. In contrast, ALT3 is significantly  likely that there is a biologically meaningful differ-
different from the other scenarios in all indices. Under ence in terms of core area. Modeling population vi-
ALT3, late-seral forest occupies a greater proportion ability of individual species or incorporating species
of the landscape, has a larger patch size, and moredispersal capabilities and perception of landscape pat-
interior forest area. Neighboring patches of late-seral tern would allow for an ecological interpretation that
forest are closer than under other scenarios, but thegoes beyond quantification of differences in spatial

edge density is higher. patterning. Unfortunately, perception of landscape pat-
tern remains unknown for most species. Use of pattern

3.3. Ecological implications of the metrics will become more meaningful as this body of

three alternatives knowledge grows. In the interim, quantifying spatial

pattern through landscape metrics may be the best tool
The implication of these results for obligate inte- for assessing suitability of habitat distribution for less
rior forest species is that the gains in late-seral forest studied or elusive species.
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3.4. Factors potentially affecting results western Oregon in the late 19th centurfeénsma
et al., 1991; Ripple, 1994

The study boundaries selected for analysis affectthe  Natural disturbances affecting this landscape vary
relative proportion and spatial pattern of age categories temporally and spatially. Canopy gaps, bank erosion,
and thus the landscape metrics that describe them. Toriver meanders, and landslides typically occur fre-
characterize the sensitivity of the analysis to varying quently and are small (0.05-5ha). Fires occur less
study boundaries, a simulation was run under ALT2 frequently (fire return interval of the Sitka spruce zone
model parameters that excluded the Olympic National is estimated at 900 years) and are seldom larger than
Forest. When the simulation excluded the Olympic 400 ha Henderson et al., 1939The 1921 windstorm
National Forest, late-seral forest occupied a smaller affected 1.2 millionha, but much smaller cyclonic
area and was more fragmented: percent of the land-wind events have occurred 10 times in the last 200
scape (25%) was lower, core area percent of landscapeyears Henderson et al., 1989Climatic variability
(3%) was much lower, MPS (3 ha) was lower, PSCV could leave a legacy lasting millennia, covering an
(5742) was lower, patch density (9/ha) was higher, area far greater than the study area. Natural distur-
contrast-weighted edge density (31 m/ha) was higher, bances are the source of age class variation within
and MNN (39 m) was higher than when the simulation the park, which includes 6% regeneration forest, 22%
included Olympic National Forest. young forest, and 28% mature forest. The distribution

Under the spatial boundaries employed in this anal- of regeneration and young forests within the park
ysis, the proportion of late-seral forest under ALT2 is largely associated with river valleys and unstable
is 41% for all lands, but only 9% on private lands slopes (and portions of the Queets River corridor,
(Table 4. Given the thresholds for minimum total which were commercially logged prior to being added
habitat area that have been recogniaéficove et al., to the park in 1940).
1986; Andrén, 1994; Flather and Bevers, 2)GRe Excluding disturbance from the model results in el-
configuration of habitat could be critical to success evated amounts of late-seral forest in simulated land-
and persistence of species relying on late-seral habitatscapes. In particular, the large blocks of contiguous
in landscapes dominated by private lands. Further- late-seral forest on Olympic National Forest lands may
more, the upper reaches of the study area include not be representative of the distribution of late-seral
unstable slopes and a dense stream network; no-cutforest in a naturally occurring landscape. It is reason-
buffers around these areas will result in increased able to assume that left undisturbed over time, these
proportions of late-seral forest. Private lands that lands would be similar in age-class distribution to the
have lower stream density and level topography can Olympic National Park (i.e., interspersed with younger
be expected to have a lower proportion of late-seral categories resulting from natural disturbance). For this
forest. reason, the age-class distributions in the future scenar-

Historic disturbance regimes were not incorporated ios are most appropriately used for comparative pur-
into the simulation exercise. Including stochastic dis- poses among scenarios, and some caution should be
turbance in the model would result in greater variabil- exercised when comparing these values in an absolute
ity among replicates and a landscape more reflective sense to landscapes affected by disturbance.
of naturally occurring variation in age class extent and
distribution. Wimberly et al. (2000)modeled historic ~ 3.5. Impacts on mature forest
variability in the proportion of old growth forest in
the Oregon Coast Range and concluded that historical Although this discussion has focused on the
age-class distribution was highly variable. They pro- late-seral category, distribution of mature forest is also
jected a range of historic variability in natural distur- worth noting. Mature forest is substantially reduced
bance regimes over a 3000-year period. They found under the future scenarios because of the rotation ages
that the percentage of old growth in the landscape used in timber-managed lands and the proliferation
ranged from 25 to 75%. The proportion of late-seral of late-seral forest in the reserves. Future landscapes
forest observed today in the Olympic National Park contain 3—4% mature forest, in contrast to 13% in the
(44%) is similar to estimates of old growth forest in present landscape (outside Olympic National Park)
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and 28% currently in Olympic National Parkable 4. for restoration of salmon habita®éterson and Parker,
Cissel et al. (1999predicted a similar result for ma-  1998.

ture forest in their study modeling implementation of The most successful forest policies will be proactive
the Northwest Forest Plan on federal lands in Oregon. and comprehensive, and will address ecological rela-
As mentioned above, the proportion of mature forest tionships at multiple scales. Reactive strategies devel-
could be expected to be higher if natural disturbance oped in response to crises are more likely to overlook
was incorporated in the model (particularly in the important relationships and manage resources ineffi-
Olympic National Forest). However, this would be ciently (i.e., fine-filter restoration is more difficult and
limited in timber-managed portions of the landscape. expensive than prevention). For example, management
Increases in mature forest would be associated with strategies aimed at a few species or ecosystem func-
decreases in late-seral forest. Limited spatial extent of tions may enhance viability for one group of species or
mature forest could prove detrimental for species that processes at the expense of others. Similarly, manag-

reach the greatest abundance in this age clg®s ing activities at a fine scale (using fixed buffers to man-
(1991) found that several understory herbs reached age for individual species) and ignoring coarse-scale
the highest percent cover (e.@glenocaulon bicolor, dynamics (e.g., fragmentation, multiple species’ im-
Anemone lyallii, Arenaria macrophylla, Fragaria pacts) may undermine management objectives by dis-
vesca) and constancy (e.gA. macrophylla, Galium rupting natural processes such as disturbakcgeé,
triflorum, Holodiscus discolor, Pyrola picta, Senecio 1999. Policy developers should evaluate how alterna-

bolanderi, Vancouveria hexandra) in mature forests  tive policies affect diverse species and guilds, as well
of Washington and Oregotspies (1991)also found as considering impacts on ecological function at mul-
that bigleaf maple Acer macrophyllum) achieved tiple scales. The narrow focus on aquatic species in
the greatest basal area and grand Alpi€s grandis) the current policy has the potential to negatively im-

had the highest constancy in mature foreslaback pact interior forest species that are sensitive to frag-
(1982) observed that bryophyte biomass peaked in mentation.

mature forests of southeast Alaska.

5. Conclusions
4. Implications for future forest policy
With the use of coarse-scale modeling tools, this

Forest policy has tremendous ramifications for nat- analysis quantified impacts of alternative forest man-
ural systems, because of the spatial scale at which itagement policies on the amount and distribution of
is implemented and the persistence of the resulting late-seral forest. Landscape metrics were used to quan-
landscape structure. Simply managing for total amount tify differences between simulated future conditions.
of habitat will not necessarily be sufficient for assur- In terms of late-seral forest, the alternative that was
ing the persistence of species; spatial arrangement ofultimately adopted as the Washington State For-
habitat becomes critical as availability of habitat de- est Practice Rules was indistinguishable from the
clines Wilcove et al., 1986; Andrén, 1994; Flather and no-action alternative in four of the seven metrics eval-
Bevers, 2002 Single-ownership, small-scale policies uated. A third alternative, which was proposed by a
that are not based in ecologically meaningful bound- collection of environmental organizations and tribes,
aries will be impractical, inefficient, and ineffective resulted in significantly more interior late-seral forest
in managing for large-scale patterns and processes.than the other two scenarios, but also resulted in sig-
The cumulative effects of negative impacts at multi- nificantly higher edge density, an important indicator
ple scales can be seen in the case of declining salmonof fragmentation.
(Oncorhynchus spp.) in the Pacific Northwest, which The approach used in this analysis provides a
spurred the recent revisions to the Washington Forest framework for landscape pattern analysis for compar-
Practice Rules. Human activities have adversely af- ing three forest policy options. This straightforward
fected salmon at a variety of scales (both spatial and approach is a useful tool for comparing alternative
temporal), and a multi-scale solution will be required management scenarios. It can also be used to monitor
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